Total word count: 7260 20 of the PLT-WOX5 complexes to NBs, possibly by liquid-liquid phase separation, plays an 38 important role during determination of CSC fate. 39 differentiation 6,7 . WOX5 also represses QC divisions, maintaining the quiescence of the QC by 65 repressing CYCLIN D (CYCD) activity within the QC 8 . The auxin-induced PLTs form a clade 66 of six TFs, and act as master regulators of root development, as multiple plt mutants fail to 67 develop functional RAMs 5,9,10 . PLT1, 2, 3 and 4 are expressed mainly in and around the QC 68 and form an instructive gradient, which is required for maintaining the balance of stem cell fate 69 and differentiation. This PLT gradient is also necessary for separating auxin responses in the 70 SCN and for the correct positioning of the QC and the expression of QC markers 5,9,10 . 71
Abstract 21
Maintenance and homeostasis of the stem cell niche (SCN) in the Arabidopsis root is essential 22 for growth and development of all root cell types. The SCN is organized around a quiescent 23 center (QC) that maintains the stemness of the cells in direct contact. The transcription factors 24 WUSCHEL-RELATED HOMEOBOX 5 (WOX5) and the PLETHORAs (PLTs) are both 25 expressed in the SCN where they maintain the QC and regulate the fate of the distal columella 26 stem cells (CSCs). Although WOX5 and PLTs are known as important players in SCN 27 maintenance, much of the necessary regulation of quiescence and division in the Arabidopsis 28 root is not understood on a molecular level. Here, we describe the concerted mutual regulation 29 of the key transcription factors WOX5 and PLTs on a transcriptional and protein interaction 30 level, leading to a confinement of the WOX5 expression domain to the QC cells by negative 31 feedback regulation. Additionally, by applying a novel SCN staining method, we demonstrate 32 that both WOX5 and PLTs are necessary for root meristem maintenance as they regulate QC 33 quiescence and CSC fate and show that QC divisions and CSC differentiation correlate. 34
Moreover, we uncover that PLTs, especially PLT3, contains intrinsically disordered prion-like 35 domains (PrDs) that are necessary for complex formation with WOX5 and its recruitment to 36 subnuclear microdomains/nuclear bodies (NBs) in the CSCs. We propose that the partitioning 37
Introduction 40
The root system of higher plants is essential for plant life, as it provides anchorage in the soil 41 and access to nutrients and water. It arises from a population of long-lasting stem cells residing 42 in a structure called root apical meristem (RAM) at the tip of the root. Within the Arabidopsis 43 thaliana RAM, the stem cell niche (SCN) consists of on average four slowly dividing cells, the 44 QC cells, which act as a long-term reservoir and signalling center by maintaining the 45 surrounding shorter-lived, proliferating stem cells (also called initials) in a non-cell autonomous 46 manner 1 . These stem cells continuously divide asymmetrically, thereby generating new stem 47 cells that are still in contact with the QC. The hereby-produced daughter cells frequently 48 undergo cell divisions and are shifted further away from the QC to finally differentiate. By this 49 mechanism, the position of the stem cells in the root remains the same throughout development 50
and their precise orientation of division leads to the formation of concentrically organized 51 clonal cell lineages representing a spatio-temporal developmental gradient 1-3 . From the inside 52 to the outside the following root cell layers develop: vasculature, pericycle, endodermis, cortex 53 and epidermis plus columella and lateral root cap at the distal root tip (Fig. 1a ). 54
The necessary longevity and continuous activity of the RAM can only be achieved if its stem 55 cell pool is constantly replenished, since cells are frequently leaving the meristematic region 56 due to continuous cell divisions. Therefore, complex regulatory mechanisms involving 57 phytohormones and key transcription factors (TFs) regulate stem cell maintenance and the 58 necessary supply of differentiating descendants 4 . Here, the APETALA2-type PLT TF family 59 and the homeodomain TF WOX5 play important roles 5,6 . WOX5 is expressed mainly in the 60 QC, but maintains the surrounding stem cells non-cell-autonomously by repressing their 61 differentiation 6,7 . Loss of WOX5 causes the differentiation of the distal CSCs into starch-62 accumulating columella cells (CCs), while increased WOX5 expression causes CSC over-63 proliferation. Hence, WOX5 abundance is critical and necessary to suppress premature CSC 64
Results 81 WOX5 and PLTs are essential players in distal stem cell maintenance [5] [6] [7] 9 . This, as well as their 82 overlapping expression and protein localisation domains in the root SCN raised the question if 83 they could act together in distal stem cell regulation, where, in comparison to all the other PLTs, 84 particularly PLT3 is highly expressed (Fig. 1b) 9 . First, we tested if WOX5 influences PLT3-85 expression. Both a transcriptional and translational PLT3 fluorescent reporter line showed a 86 reduced expression in the QC and CSC of a wox5 mutant to around 60 % compared to the Col-87 0 wild type roots ( Fig. 1b -g, Suppl. Table 5 ). This extends the previously reported regulation 88 of PTL1 expression by WOX5 11 and shows that WOX5 positively regulates expression of 89
several PLTs. To test if WOX5 expression also depends on PLTs, we used a transcriptional 90 reporter, which expresses a nuclear-localised mVenus from the WOX5 promoter. In agreement 91 with previous reports, expression of WOX5 in our transcriptional reporter line is confined to the 92 QC and is only weakly expressed in the stele initials 6,7 ( Fig. 2a ). In plt2 and plt3 single mutants, 93 we observed additional mVenus-expressing cells in the QC region, which may derive from 94 aberrant periclinal cell divisions in the QC (Fig. 2b ,c, Suppl. Table 6 ). This effect is even 95 stronger in the plt2, plt3 double mutant roots, where extra cells are found in all observed roots 96 and often even form an additional cell layer of WOX5 expressing cells ( Fig. 2d ). We quantified 97 the number of WOX5 expressing cells and the area of WOX5 expression per root by acquiring 98 transverse optical sections through the roots. Previously, it was reported that the Arabidopsis 99 wild type QC is composed of three to five cells with a low division rate 2,13-15 . Applying our 100 method, we observed four to nine WOX5 expressing cells in the Col-0 wild type ( Fig. 2e ,g, 101
Suppl. Table 6 ), whereas we found nine to 14 WOX5 expressing cells and a laterally expanded 102 WOX5 expression domain in the plt2, plt3 double mutants ( Fig. 2f ,g,h, Suppl. Table 6 ). Taken 103 together, our data show that WOX5 positively regulates PLT3 expression, whereas PLT2 and 104 PLT3 synergistically restrict WOX5 to its defined expression domain in the QC, possibly by 105 negative feedback regulation. 106 QC cells rarely divide as they provide a long-term reservoir to maintain the surrounding stem 107 cells 13, 16 . As WOX5 and PLTs control QC cell divisions and CSC maintenance 5-10 , we asked if 108 these two aspects are interdependent. Therefore, we analysed the cell division rates in the QC 109 and the CSC phenotypes in wild type and mutant roots. To asses these two phenotypes and to 110 probe for their interdependency, we had to measure the number of dividing QC cells and CSC 111 layers within the same root simultaneously. Therefore, we established a novel staining method, 112 named SCN staining, by combining the 5-ethynyl-2'-deoxyuridine (EdU) and modified pseudo 113 Schiff base propidium iodide (mPS-PI) stainings to simultaneously visualise cell divisions, 114
starch granule distribution and cell walls within the same root 13, 17 . Applying this new staining 115 combination, potential correlations between QC-divisions and CSC cell fates can be uncovered. 116
The EdU-staining provides a useful method to analyse QC-divisions by staining nuclei that 117 have gone through the S-phase, detecting cells directly before, during and after cell division 13 . 118 However, cell layers and different cell types are hard to distinguish using only EdU staining 119 due to the lack of cell wall staining. Therefore, we used the mPS-PI-method to stain cell walls 120 and starch which is commonly used for CC and CSC cell fate characterisation [17] [18] [19] . CCs are 121 differentiated, starch granule-containing cells in the distal part of the root and mediate gravity 122 perception. They derive from the CSCs that form one or, directly after cell division, two cell 123 layers distal to the QC. The CSCs lack big starch granules and can thereby easily be 124 distinguished from the differentiated CCs by mPS-PI staining 17-19 (see Fig. 3a ,b,i, raw data see 125
Suppl. Table 11 ). 126 WOX5 is necessary for CSC maintenance as loss of WOX5 causes their differentiation 6 . In 127 agreement with this, we found that the wox5 mutants lack a starch-free cell layer in 78 % of 128 analysed roots, indicating differentiation of the CSCs, compared to 17% in Col-0 ( Fig. 3a ,b,f,i, 129 QC division phenotypes in detail, we quantified the number of EdU-stained cells in QC position 137 in transversal optical sections. In Col-0, 27 % of the analysed roots show at least one cell 138 division in the QC within 24 hours ( Fig. 3j ,k,r, Suppl. Table 7) , which is consistent with already 139 published frequencies 13 . This frequency almost doubles to 45-50 % in the plt2 and plt3 single 140 mutants and is even higher in the plt2, plt3 double mutant (57 %) ( Fig. 3l -n,r, Suppl. Table 7) . 141
Additionally, the plt-double mutant roots often show disordered QC regions with a disruption 142 of the circular arrangement of cells surrounding the QC (Fig. 3n ) which could be a result of 143 uncontrolled divisions. In general, wox5 mutants show a disordered SCN accompanied by a 144 high overall QC cell division frequency of at least one dividing QC cell in 92 % of roots ( Fig.  145 3o,r) and on average more dividing QC cells per root (Suppl. Table 7 ). The number of dividing 146 QC cells per root increases further in the wox5, plt3 double mutant and is even higher in the 147 wox5, plt2, plt3 triple mutant; here, in one third of the roots all QC cells undergo cell division 148 ( Fig. 3p -r, Suppl. Table 7 ). Taken together, this data suggest an additive effect of PLT2, PLT3 149 and WOX5 regarding the QC-division phenotype, in line with our hypothesis that WOX5 and 150
PLTs act in parallel pathways to maintain the quiescence of the QC. 151
Additionally, we quantified roots showing at least one aberrant periclinal cell division in the 152 QC in longitudinal optical sections (Suppl. Fig. 2 ). Whereas the occurrence of these aberrant 153 periclinal divisions in Col-0 wild type roots is very rare (3 %), it increases in the plt-single 154 mutants to 21 % and in wox5 and wox5, plt3 mutants to around 40 %. We found the most severe 155 phenotypes in the plt2, plt3 double and wox5, plt2, plt3 triple mutants with an occurrence of 156 periclinal QC-cell divisions in 53 % of the observed roots, indicating a predominant regulatory 157 role of PLTs in periclinal QC cell divisions (Suppl. Fig. 2b , Suppl. Table 8 ). 158
To visualise correlations between QC division and CSC differentiation, we combined the 159 acquired data in 2D-plots in which the frequencies of the two phenotypes are color-coded ( Fig.  160 4). This visualisation reveals a regular pattern for Col-0 wild type roots, which peaks at one 161 CSC-layer and no QC-divisions ( Fig. 4a ). The pattern of the plt single mutants is more irregular 162 with a shift to less CSC-layers (indicating more differentiation) and more EdU-stained QC cells 163 (indicating more QC divisions) compared to the wild type Col-0 roots (Fig. 4b,c ). The plt2, plt3 164 double mutants have an additional maximum at a position showing no CSC layer and one 165 divided QC cell, resulting in two phenotypic populations, one at a wild type-like position, the 166 other showing a strong mutant phenotype (Fig. 4d ). The 2D-pattern for the wox5 mutant shifts 167 to less CSC-layers and more QC-divisions with a maximum at no CSC-layers and two QC-168 divisions (Fig. 4e ). The QC phenotype is more severe in the wox5, plt3 double mutant towards 169 more cell divisions and is even stronger in the wox5, plt2, plt3 triple mutant which peaks at zero 170 CSC layers and three QC-divisions ( Fig. 4f ,g). In summary, our data suggests that higher CSC 171 differentiation correlates with a higher division rate in the QC, possibly in order to replenish 172 missing stem cells by increased QC divisions. 173 WOX5 and PLT3 are expressed and localise to overlapping domains in the SCN of the 174 Arabidopsis root and based on our results regulate SCN maintenance together. To test for 175 functionality of our reporter lines, we used the mVenus (mV) tagged WOX5 and PLT3 versions 176 driven by their endogenous promoters for rescue experiments in the respective mutant 177 phenotypes in Arabidopsis. We observed a full rescue of the wox5 mutant expressing 178 pWOX5::WOX5-mV and a partial rescue of the plt3 mutant expressing pPLT3::PLT3-mV 179 indicating that the labelling with mVenus did not or only very little influence WOX5 or PLT3 180 functionality (Suppl. Fig. 1 , Suppl. Table 14 ). In the PLT3-mV reporter line, we observed PLT3 181 localisation in bright subnuclear structures, hereafter called nuclear bodies (NBs). Most 182 frequently, we found PLT3 NBs in young, developing lateral root primordia (LRP) ( Fig. 5a , 183
Suppl. Movie 1) already at stages where PLT1 and PLT2 are not yet expressed 20 . Importantly, 184
we occasionally observed PLT3 NBs in CSCs of established main roots, but never in QC cells 185 ( Fig. 5b -c'). To further examine the PLT3 NBs in a context where no other PLTs are expressed, 186
we used an estradiol-inducible system to control expression of PLT3 and WOX5 transiently in 187
Nicotiana benthamiana 18 . Similar to our observations in Arabidopsis, we found that PLT3 188 mainly localises to NBs and to a lesser extend to the nucleoplasm (Fig. 6b ). In co-expression 189 experiments in N. benthamiana, we found that PLT3 recruits WOX5 to the same NBs, whereas 190 on its own WOX5 remains homogenously localised within the nucleoplasm ( were also found to be enriched in TFs in plants 26 . Besides that, polyQ-containing proteins are 201 proposed to act as key factors for the formation of RNA granules, which are ribonucleoprotein 202 particles that mediate mRNA compartmentalisation 27 . Generally, the dynamic formation of 203 subcellular structures could be necessary for a changing composition of the assemblies in 204 dependence of their functional status 23 . The transition of these proteins between condensed and 205 soluble forms requires high flexibility in their protein structure, which is provided by the 206 flexible polyQ-stretches. Poly-Q domains are predominantly positioned at the surface of a 207 protein supporting the idea of their involvement in protein-protein interactions 28 . 208
Next, we tested, if the polyQ-stretches in PLT3 are responsible for the subnuclear localisation 209 and the recruitment of WOX5 to NBs. To this end, we deleted the polyQ domains of PLT3 and 210 expressed the resulting PLT3ΔQ fused to mVenus transiently in N. benthamiana. We found 211 that the subnuclear localisation and the recruitment of WOX did not change compared to the 212 full-length PLT3 (see Fig. 6b ,c,h-h''). Therefore, we conclude that the polyQ domain in PLT3 213 is not, or at least not alone, responsible for the subnuclear localisation and translocation to NBs. 214
Apart from proteins with polyQ domains, many proteins that form concentration-dependent 215 aggregates contain larger, intrinsically disordered regions (IDRs) with a low complexity similar 216 to yeast prions 29 . Recently, the existence of more than 500 proteins with prion-like behaviour 217
in Arabidopsis was reported 30 and the presence of prion-like domains (PrDs) in protein 218 sequences are predictable with web-based tools 31 . Therefore, we analysed the PLT and WOX5 219 sequences using the PLAAC PrD prediction tool and found that PLT3 has three predicted PrDs 220 in its aa sequence, two of them located at the C-terminus, containing the two polyQ-stretches 221 (see Fig. 6a , Suppl. Fig. 4 ). PLT1 and PLT2 also show two predicted PrD domains, each, but 222 no polyQ stretches within them. WOX5 does not show any predicted PrD domains, nor any 223 polyQ stretches (Suppl. Fig. 4 ). Just like polyQ-proteins, prions are responsible for some 224 neurodegenerative diseases in mammals 33,34 , but also their functional nature is becoming more 225 eminent. The beneficial function of prions as a protein-based memory is highly discussed as 226 their self-replicating conformations could act as molecular memories to transmit heritable 227 information 32,36 . Prion-like proteins in Arabidopsis were first discovered by analysing protein 228 sequences of 31 different organisms, identifying Q-and N-rich regions in the proteins to be 229 sufficient to cause protein aggregation 37 . In order to test the importance of the PrD domains in  230   PLT3,  we  replaced  the  first  PrD  by  a  27  aa  linker  231 (AAGAAGGAGGGAAAAAGGAGAAAAAGA) and deleted the C-terminally located PrDs. 232
The resulting PLT3-version (PLT3ΔPrD) was fused to the mVenus FP and expressed in N. 233 benthamiana epidermal cells. We did not observe a localisation of PLT3ΔPrD-mVenus to NBs, 234 but in contrast a homogenous distribution within the nucleus (Fig. 6d ). In addition, upon co-235 expression of PLT3ΔPrD-mVenus with WOX5-mCherry, we observed that WOX5 was no 236 longer recruited to NBs ( Fig. 6i -i''). In line with this, we observed PLT3 NBs in developing 237
Arabidopsis LRP expressing pPLT3::PLT3-mVenus, but no more NBs were found in a 238 proteins. When free mCherry is co-expressed as a negative control the WOX5-mVenus mean 260 fluorescence lifetime is not significantly decreased (2.97 ± 0.07 ns) ( Fig. 7a,b ,h, Suppl. Table  261 12). When WOX5-mVenus is co-expressed with PLT1-mCherry the fluorescence lifetime 262 significantly decreases to 2.8 ± 0.12 ns, with PLT2-mCherry to 2.7 ± 0.13 ns and with PLT3-263 mCherry to 2.7 ± 0.17 ns, indicating FRET and hence protein-protein interactions ( Fig. 7c -e,h, 264
Suppl. Table 12 ). The observed interaction of WOX5 with PLT1, PLT2 or PLT3 lead us to 265 assume that they regulate SCN maintenance by the formation of complexes, either all together 266 or in diverse compositions depending on the cell identity or their function. Interestingly, we 267 observed a stronger lifetime decrease of WOX5-mVenus in the PLT3 NBs than in the 268 nucleoplasm, indicating that the NBs function as main interaction sites of WOX5 with PLT3 269 Table 13 ). In Arabidopsis 277 seedlings, we only sometimes observed PLT3 NBs in the CSC layer of the root tip, but more 278 frequently in young, developing LRP (Fig. 5) , whereas in N. benthamiana we observed NBs in 279 almost all cells. Therefore, we argue that the formation of the NBs is concentration dependent. 280
Moreover, we asked if the PrD and poly-Q domains in PLT3 are necessary for protein-protein 281 interaction with WOX5. To test this, we performed FLIM experiments with mCherry-tagged 282 full-length PLT3, PLT3ΔQ and PLT3ΔPrD as acceptors and WOX5-mVenus as donor in N. 283 benthamiana. Here, we observed that co-expression of the PLT3 deletion variants did not lead 284 to a significantly reduced fluorescence lifetime and therefore no protein-protein interaction 285 takes place in comparison to the full-length version (see Fig. 7e-h ). This implies that PrD 286 domains containing the polyQ domains in PLT3 are necessary for the NB localisation, but also, 287 notably, for protein complex-formation with WOX5. 288
In summary, our findings show that QC quiescence and CSC maintenance are mediated by 289 mutual transcriptional regulation of PLTs and WOX5 as well as their direct protein-protein 290 interaction and subnuclear partitioning to NBs due to PrDs. 291
Discussion 292
Based on our results we propose that the regulation of QC quiescence and CSC maintenance is 293 mediated by mutual transcriptional regulation of PLTs and WOX5 by a negative feedback loop. 294
Here, a high PLT expression in the QC-region is promoted by WOX5, which again confines 295 WOX5 to a defined and restricted number of QC cells. In line with this, loss of PLTs lead to an 296 expanded expression domain of WOX5 and a decreased QC quiescence as more QC divisions 297 occur. These observations are in agreement with previous findings, although just a minor role 298 for PLT1 and PLT2 in confining WOX5 expression was previously reported, as 17 % of plt1, 299 plt2 double mutant roots showed WOX5 expression expanding into endodermal and columella 300 stem cells 6 . As WOX5 expression is normally limited to the QC, the question arises if, in absence 301 of PLTs, either the WOX5 expression domain expands to regions surrounding the QC or the QC 302 region itself expands and therefore also the expression domain of WOX5. Interestingly, previous 303 analyses show that the expression of several QC markers is missing or highly reduced in plt 304 mutants, suggesting that they fail to maintain an intact QC 5 . The higher frequency of cell 305 divisions in the QC region of wox5 mutants can be explained by the reduced expression of 306
PLTs, which consequently negatively impacts QC quiescence but also by a PLT-independent 307 pathway where WOX5 itself may have a positive function on the QC quiescence. Previous 308 findings suggest that WOX5 maintains QC quiescence through the repression of CYCD 309 activity 8 . In light of our observation that PLT2, PLT3 and WOX5 show additive effects 310 regarding the QC division phenotype, we propose a model in which WOX5 and PLTs could act 311 in parallel pathways to maintain QC quiescence. The observed correlation between reduced QC 312 quiescence and higher CSC differentiation could be a measure to replenish missing stem cells 313 by QC divisions. This possible explanation is in agreement with the proposed function of the 314 QC to serve as long-term stem cell reservoir, especially in case of stress or damage 16 . 315
Supporting this, previous studies showed, even though uncorrelated, that loss of PLTs lead to 316 CSC differentiation and also an increase in ectopic cell divisions in the QC 5,11 . For CSC 317 homeostasis, PLTs and WOX5 may act together in the same pathway, possibly by complex 318 formation, as there is no observable additive effect in the multiple mutant roots which is in 319 agreement with previous findings 11 . The potential of WOX5 to physically interact with PLT1, 320 processing, sequestration or transportation. As PLT3 is a TF, the co-localising RNA could also 342 represent newly transcribed RNA at the transcription sites where PLT3 binds to DNA, e.g. the 343 WOX5 promoter region 12 . The possible liquid-like nature of the PLT3 NBs will be an 344 interesting subject for further studies investigating its putative phase separation properties. 345
To summarize our results in a model, we propose that the regulation of QC quiescence and CSC 346 maintenance are not only mediated by the mutual transcriptional regulation of PLT and WOX5, 347 but also, importantly, by building protein complexes that are differentially localised within 348 distinct nuclei in the SCN (see Fig. 8 ). The observed subnuclear localisation of PLT3 to NBs 349 could represent a marker for the determination to future cell differentiation in the CSC layer. with a GreenGate reaction using pGGZ001 as destination vector. The correct assembly of the 381 modules was controlled by sequencing. All module combinations used to construct the 382 expression vectors can be found in Supplementary Table 3 . The single mutants wox5-1 and plt3-1 have been described before 9 (Supplementary table 4) . 401
The plt2 (SALK_128164) and wox5-1 (SALK038262) single mutants were provided by the 402 Arabidopsis Biological Resource Center (ABRC, USA). The homozygous double and triple 403 mutants were created by crossings ( Supplementary table 4 ) and homozygous F3 genotypes were 404 confirmed by PCR with appropriate primer pairs (Supplementary Table 2 ). The transgenic lines 405 were created by floral dip as described before 46 agar plates without sucrose and then transferred on fresh plates containing additionally 7 µg/ml 437 EdU to continue growing for 24 hours. Afterwards we performed an mPS-PI staining like 438 described before 17 . Preliminary to the clearing step, the EdU-staining was performed. The 439 permeabilisation of the cells and the subsequent staining of EdU-containing DNA with Alexa 440
Fluor ® 488 was done as described in the Click-it  EdU Imaging Kits from Invitrogen TM 441 (Thermo Fisher Scientific Inc.) with adapted incubation times for Arabidopsis seedlings 442 (permeabilisation for 1-2 h and click-reaction for 1 h). The click-reaction cocktail was prepared 443 freshly with self-made solutions (Tris buffer with 50 mM Tris and 150 mM NaCl at pH 7.2-444 7.5; 4 mM CuSO4; 1.5 µM Alexa Fluor ® 488 picolyl azide; 50 mM ascorbic acid). The Alexa 445
Fluor ® 488 picolyl azide (Thermo Fisher Scientific Inc.) was added from a 500 µM stock in 446 DMSO. The ascorbic acid was added last from a freshly prepared aqueous 500 mM stock 447 solution. After staining was done, the clearing step with chloralhydrate was performed like 448 described before 17 . 449
Images were acquired with a ZEISS LSM880 confocal microscope. z-stacks through the QC-450 region were recorded to obtain transversal views. In order to calculate the CSC phenotype, the 451 number of CSC layers was counted in xy-images of each root. The QC-division phenotype is 452 the number of EdU-Alexa Fluor ® 488-stained cells in the QC, which was counted in the cross-453 sectional images up to a maximal number of 4 stained QC cells. The phenotype frequencies of 454 CSC differentiation and QC divisions (Fig. 3) where visualised in bar graphs with Excel 455 (Microsoft Office 365 ProPlus, Microsoft Corporation). In order to correlate the two 456 investigated phenotypes, we combined the CSC data and the QC-division data in 2D-plots. The 457 combined QC/CSC-phenotype of every root was entered in a matrix with QC-divisions on the 458
x-and CSC layers on the y-axis. 2D plots were created with Origin 2018b (OriginLab 459 Corporation). Cerulean was excited at 458 nm and emission was detected at 460-510 nm; CFP was excited at 474 458 nm and emission was detected at 463-547 nm. mVenus was excited at 514 nm and emission 475 was detected at 517-560 nm, or for co-expression with red dyes excited at 488 nm and detected 476 at 500-560 nm. YFP was excited at 514 nm and emission was detected at 518-548 nm. Alexa 477 Fluor ® 488 was excited at 488 nm and emission was detected at 490-560 nm. Alexa Fluor ® 555 478 was excited at 561 nm and emission was detected at 565-640 nm. PI was excited at 561 nm and 479 emission was detected at 590-710 nm. FM4-64 was excited at 514 nm or 561 nm and emission 480 was detected at 670-760 nm. mCherry was excited at 561 nm and emission was detected at 481 590-640 nm. Imaging of more than one fluorophore was done in sequential mode to avoid cross 482 talk. The movie of pPLT3::PLT3-mVenus in a lateral root primordium was acquired with a 483 MuViSPIM (Luxendo, Bruker) light sheet microscope and a 40x/0.8 Nikon objective with a 484 1.5x tube lens on the detection axis to provide a 60x magnification. 485
Image deconvolution. The microscope images in Fig. 5 where interaction takes place. This maintains the stem cell character of the CSCs but already 788 leads to a determination to subsequent CC fate. 789
